The article is devoted to the Abragam force in a conducting medium. From the energy-momentum tensor of the electromagnetic field interaction with moving charges the equation for the Abraham force is obtained. It is shown that the Abraham force in a conducting medium, as well as in a dielectric medium, has vortical character. Сurrent density vectors and vector potential must be noncollinear.
Introduction
Interaction of the electromagnetic field with a medium is fundamental for many physical phenomena and is of great practical importance. One of these phenomena is the Abraham electromagnetic force. A number of recent works have been devoted to the interaction of the electromagnetic field with a medium [1 -15] . In general, the Abraham force is written in the form of the difference of the time derivatives of the electromagnetic momentum in Minkowski and Abraham forms.
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In the article [9] it is shown that the equation for the Abraham force in a dielectric medium follows from the Minkowski energy-momentum tensor. A new energy-momentum tensor for a dielectric medium was obtained in [6] , from which follows the equation for the Abraham force in the form: (1), must follow from the energymomentum tensor of the interaction of the electromagnetic field with charges and currents.
The aim of this paper is to obtain the Abraham force equation for a conducting medium.
Space-time geometry is taken to be in the form of pseudo-Euclidean Minkowski space (ct, ix, iy, iz). The electromagnetic potential is taken to be in the form Aμ (φ / c, iA), where φ and A are the scalar and vector potentials of the electromagnetic field. Four-dimensional charges velocity is taken to be in the form ) , (
, where ρ and J are electric charges density and a three-dimensional current density vector respectively. Four-dimensional velocity of charges is taken to be in the form
, where V is a three-dimensional charge velocity vector. The four-dimensional density of the mechanical momentum is taken to be in the form
, where m and p is mass density and three-dimensional mechanical momentum respectively.
Electromagnetic energy-momentum tensor of the electromagnetic field interaction with moving charges
Electromagnetic energy-momentum tensor of the interaction of the electromagnetic field with charges and currents E T is obtained as the tensor product of the four-dimensional vector potential of the electromagnetic field A and the four-dimensional current density -threedimensional tensor of electromagnetic momentum flux density or stress tensor. The tensor (2) corresponds to the canonical energy-momentum tensor [16] . From it follows the linear invariant of electromagnetic energy density:
This invariant is known in electrodynamics as a generalized energy density of electromagnetic interaction and represents Lagrange function with the opposite sign for charges moving in the electromagnetic field with density ρ.
From tensor E T , in the form of its four-dimensional divergences (from now on there is no necessity to draw a distinction between covariant and contravariant indices), the equations of energymomentum conservation laws follow:
T is the mechanical energy-momentum tensor.
Mechanical energy-momentum tensor
We will obtain mechanical energy-momentum tensor as the tensor product of the four- or a stress tensor can be considered as tensor of the kinetic energy density:
Let's write them in expanded form:
Eq. (4) and (6) are energy conservation equations, and Eq. (5) and (7) are conservation equations for two forms of electromagnetic momentum density. These forms of the electromagnetic momentum density are similar to the forms of the Minkowski and Abraham. Eq. (4) and (6) are followed by the equation:
The divergences of the two forms of the electromagnetic momentum density are equal. Eq. (5) and (7) are followed by the equation: 1), is a vortex force, while the vectors A and J must be noncollinear.
Conclusion
The Abraham force exists not only in a dielectric medium, but also in a conducting medium.
Its equation follows from the electromagnetic energy-momentum tensor of interaction of electromagnetic field with charges and currents. The Abraham force in a conducting medium, as well as in a dielectric medium, is a vortex force, while the vectors A and J must be non-collinear.
